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0 Implant 



0 Tne invention relates to an impiaflt from an 
open-cell, fosm-iata plastic matanal baaed on resor- 
bable potyesterSp such aa poly-p-dtaxanone, ottier 
potyhydroxycarboxylic adds, polylactldea or poly 
glycolida«. b$ well ee their copotymera, In vvhich one 
or more toxtfte reinforcing eiemento rnade from re- 
eorbable olasC^ are embedded in an open-cell plas- 
tic maoiTt with a pore site of 10 k) 200 am. 
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doing given tn iho eobclaims. in aiJdiTiori, fof soMng inventiw problem, processes for producing &e 
implants are proDoseo. 

,Thi3 invention is das^-on ih9 surprising finding tnai (ho terstlo sirongtn of such ifrplants is dependent 
cn the polymer corrcnl of Ih© so*uc>on lo be freeze cfried and fg only dependent to a reduced eKteni on tf>e 
5 prodLfction condrtontf adopted during freeze drying, sucfi as the freezing rs\B, However, e part is otso 
played by the dioice of soh/ent and Ihrs ai&o Influences me pore size dfstribution, the pore size and the 
pore shape. 

It has surprisingly been fo^nd thei on inccrporatrng textile reintorang elements of resortjabie piartc 
such as fibres, yams, braids, knitted fabrics and Ehe like, it is possible lo significantly Improve the 
TO rnecharical strength, wtchout modifying the porosity charactflriswics. ffojdbility and elastfoty of cne foam 
materials. As a furKtion of Ihe choice of reinforcing elemeno, the mechanical screngti can be tncrweod in 
one or moro directtops in space, in that e.g. parallel fibres or threads increaae *he ewWIty I'n on/y cne 
direction and net-Oke flat structures Improve the same in ail directions of if»e corresponding surfaces. 

The invemlflo is fumer iiiuetiated r>erelnBfter by means of examples 
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I.Productfon of tfie Pfasac Matriy 

Tbo production of the starung polymers is described hereinafter 

20 



ExOTple A. Polylactides 

The sc^ng polymer rs produced in mat punfiod lacitde cryeuls are poiymerizeo w'ith 0.002% by 
?6 weight cf tetraphenyl tin, •vhilst oxciuding oxygen, (or 4 hours in a temperature range of 150 to 200 'C, the 
polymer obtained is precipitated from dioxan by adding water and then dned under a high vacuum. These 
polylacudes have tfie following general fonnula: 



H-(-0-CH-C- )^-0H 



m wnich n has a value of 300 to T 200 corresponding to a motecular weight of 20 000 to 86 000. 

Poly*L-lactfde. poly-DUaoide, as well as copolymers of tfiese two substances and oopolymers with 
gf/cciideE cen fn pertlcuiar tse used for the Inventive prodvicts and proceeeee. Apart from glycosides, the 
polylactides can also contain other monomers, such as are referred to e.g. in US patent * 181 &83, cokjmn 
40 3. lines 26 to 36 



£jiample 8: Pofyghrcofloes 

The inventively useo poiyglycoiides are oblarfied by the poiymenzation of glycohc acid and h*^e the 
following general formula: 



in wn\c^ n is sucn thai tn molecular weight is tn a range 10 000 to 500 000. These polygiyCoHdes are 
prepared in that glycofide is potymerized with tin (llVoctanoate and glycoiic acid, whilst xduding oxygen 
and in vacuo, Icr approumacely 4 id 5 hours at 18$ lo 230*C and after cooling th polyglycollde Is isolated 
as a white, opaque, viscous material. The inherent viscosity, rT>easured in M,»,3.3,3-heiaflijoro2-propanol 
IS in Ihe range 0^ to ^, 
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&cgmpie C: Coogtymefs of Gfycolida and Ladidq 



9 parts by '^ei^ht of glycolide and l part by weight of l-lactide are polymerized with glycofic Md and 
tin {fll)-caprylate, as described in DE-CS 21 62 900. whilst exduOing or/gen and moLature fior approwmatefy 
^ hours at 200*C. The mherenc viscosity of the polymer » 0.5 to 2.5 when measured In i, 1. 1.3.3,3- 
hexe^1uor&-2-propancL 

Block- copolymers of glycoh'de and lac tide can also be used for the inventive products and prooesEefi. 
as descnbed in DE-06 29 49 T85. 



fayriple D: Pofydloxanone 

The inventiveiy used polydloxanone has the folfowng ganeral formula 



Pclydioxanone is polymerized by the rlng-openin^j polymerization of a-ono-i »4-di0)can rn ihe presence of 3n 
catai/sts, such as e.g. tin {ii><apryiate st t20 to 150"C. whilst excluding oxygen and moisture, within i ro ^ 
hours. The inherent visrn^ih/ (measured In 1 ,1 .1 .3.3 J-hexafIuoro-2-pnopanoO of fie pofymer is m ihe range 
0-5 to 3 and preferably t.S Do Z2. 



Decisive for che preparation of the ptaaiJc matnx are the so/vent chosen and ihe concerrtratlon of iho 
resorbable plastic In the solvent » be freeze dried and opOoneyy. in the case of a modified process, the 
aodiflon of cryBta/llne addlnvos, Otner aclvents can be u«ec, particularly in the latter case^ 



A. SoKenr tnftuence 

Acosrdlng w the invpntion uao i5 made of ffie following solvents: 

a) 1,4-dionan 

b) 1.4-dlOKan with an acetate of a Oito Cs alcohol, name/y ethyl aceCate in the rau'o 9:1. 

c) hewfluoroisopropanoi and as the compedson soJvont 

d) benzene with and without turfacom. 

In each case $ g of a poly-L-iaccWe according to example A are ineoduced into 1 00 g of the partfcular 
solvent and frozen from 20'C to -60»C in beCwean 30 and 300 seconds and then frosze dried in vacuo. 
The foltewing table I shows the Influence of the sofvent selection on the pore strucmna of the polymer 




II Preparadoft of the Plastic Solution or Dispersion 



matrix. 
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The values of tdbtd I doarly show that only tha inveotvely used solvents lesd to a suitable polymer matrix. 
Similar resutts were '*-V-r^ ^'Ith the other polynieriiatole polyrriers accordlog to example B 
(pofy^iycofidefi), example C (copdyrnera) and exarrtple 0 (pofydloxan). as \s sho'^n t^y table II. 
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B. Infhj^ft of the Cof>centracton 

OifferBm polymofs tn different oorcentrailons were m»<l In s »ivent mixture of dioxan end elhyi 
aceiate in a ratio of 9:i as in A-b) and freeze dried. The foOcvrmg cable III sho'** char excetlont pore aizes 
and distributions are obtained on rgspecung a concentration in the middle of the inventive concernaflon 
ren^e. 
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C, Adiusdng iho Pore Size Distribuu'on bj^ CryscaJKne AddiCrvBS 
s , . 

4 pans of a copotyrner of L-lactfde and glycol Ide (G;t) sid 1 pad c/t drric acid an& pulverized screened 
and cl3£5ihed. the mixture being dissolved and/or suspended with 40 parts of i.l.l.3.3.3*h3xani;cno-2- 
propanol. A3 described m A» this mixcure is frozen and freeze aried. 

The ciLrIc aao iS ertraaed v*itr^ t&irahydrofurfln from (ne resuttmg crude foarr. 
to The foam conialns circular, open pores, whose pore5 sizes are largely dependent on Che parricte Size 
distribution of the cicnc ac'd used. An example is given in table IV. 



TABLE IV 

Influence of Crystalline Additives 
on the Pore Structure 

Particle Sire Citric Acid Pore Size In Foam 

801 20vm to 40uni 75% 70ym to 40ym 



■ m Pnoductton of the !.rr'-'--: 
Exampje 1 

Oitferent solutions of 2.0 to 30.0 g of pofy-L-lacdde are In each casd dissolved in 100 ml of 
dlofcarvBthylacetate (30:lO). A remtorcing element of the copolymer of L-lacbde and glycolide in ttie weight 

OS raoo of 9:1 is in each ceise iniroducad irrto these solutions. The net in a dieh js tnen frozen tor 30 oo 90 
seconds to -60*C and thon freeze dried. 

Table v shows tfre value of the tensile strength of the polymer matrijr without reinforcing incerts. 
determir>od with a tensiomeier at 50 mm/min and a 2^10x50 men test p»ece. the tensile sirengib through the 
surface of fracture gave the indicated tenefle strengih. 

*o The tests revealed a rise in rtie tensile strer»glh c; the polymer matrix with increa^ng polymer 
concenffatfon (no. 1-4) and under lower freennfl conditions (test 5). as well as the comparatfvely Infenor 
values in the case of a oorwentional solvent (tests i and 6 compared with test 7). 
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TABLE V 

Tensile Strength of Porous Implants Wlthoirt Reinforcing Elements 



Test Mo. 



2 
3 
4 
5 
6 



Polymer 
Concentration 
(g/IOOml of 
solvent) 



6 
10 
15 

4 



Tensile 
Strength 



O.IO 

0.35 
0.90 
1.95 
0.23 
0.53 

0.30 



Freezing 
Conditions 



A 
A 
A 
8 
A 



Solvent 



1,4-dloxan/ethyl 

acetat'- 



1 ,4-dioxan/ 
isoaniyl acetate 
19:1 ^ 

benzene 



A 2<SpZ to -eO^C in 30-300 seconds 
B 20°C to -130®C In 30-300 seconds 

, Table VI shows the surprising Increase in die tenail* stiwigth '^hen uang twtfite rafnfarcing elamants in 
i polymer nutrix according to eiample i. 
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TABLE VI 

Tensile Strength of Reinforced Porous Implants 



Polymer Tensile Reinforcing Element 

Concentration Strength 

solvent) 

4 O-IO witJlOUt 

4 L35 2dpf yam, length 2-S cat 

4 B.O knitt^ net 

10 1.30 2<lpf yarn I 1-5 rwn 

10 10.2 Icnitted net 

Tatsl© VII shows th9 incre^sfi In the tensile strengtfi at aoroos tubular implants wtth wven reinforcing 
elements of different weaving structures. 

TABLE VII 

Breaking Force of Porous Implants with Woven Reinforcing Eletrents 

Breaking Force Reinforcing Element 

L4N none 

40 thlck-walled hose. 2x56 denier 

threads 

70 Impervious hose, 4x56 denier 

threads 

150 very thick-valUd, impervious 

hose, 8x56 denier threads 

Test pieces: external diameter 4 m 

Internal diameter 2-7 mm 

Polymer concentration: 5g/l00ml cf solvent 

Reinforcing clement: copolymer of L-Jactide and glycolide 1:9 



Claims 

1. Implent f an open<e(l. fDam-liiee plastic matenal bas d on resorbable p lyBStere such as polyp- 
oioxanon . other oolyhydroxy carboMyiic adds. polylacUdos or polyglycolides. as well as their ccpctymers. 
characterized in rhat one or more remtorcino elements of a ce^iilfe nature formed from resorbable plasin: are 
embedded m an open-cell plastic rrairii »irh 3 pcre size or iO to it)0 um. 
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Z> Implant sccordFng lo claim !» characterized in that compared wrth the r sorbable plastic of tne matrix, 
(he rworbaWe plarltr? '«xnl© relntorctng elemente fiave the same Or a slower resort>abiIity. 

5. Implant according lo daim 1, charactenzed in rnai the reidle reinforcing elements are knitted, wov n, 
twisted, braitfed or as felts in tfi« fonr, of fibres, threads, hoses, strips or fleec3S. 

5 A (mpfeni according ic ciinis 1 to 4, characterfted in that ihe open-cell plartc rnatrix has a pore size 
of 20 ID 150 lun. 

6, fmpiant according to claims 1 to 3, characw^i^d m That the denafty of the plastic matrix Is 0.05 to 
0.S0 g/cm*. 

6. Process for the producticn of an implam according to dalme t to 5. charactorired in [h« poly*p- 
)0 dioxarxjne, poJyIactides or polyglycofcdes are dlssoNed m a nivcnt in a cotKentration of S to 30 parts by 

weight of polymer and the textile reinforcing element is froaen in a mould together wth the pla«tlc solution 
and then the solvent is removed by freeze drying. 

7. Process eccordmq to claim 8, char^asrized in mat the solvent used is hexafiucrolaopropanol, i,**- 
dioxan or a mottuffi of 1,4-doxan and an acetate of a Cz to Qj aicohoi in a volume raiio of 99:1 10 50:50. 

IS fl. Pfocete according to dalma 9 efld 7, characteriT*=?d in (hat use is made if poly-p-dtcmarwne vtitn an 

Inherent viacoafty of 0.5 to 3.0 or polylactfdes an .nneren* viscosit/ of 0.6 to 2-2 or polygfyoolidee with 

an Inherent viscosity of 0.9 to 4.0. 

0. Modification of the process accordlr^g to claims 6 co 8, charactenzed rn that the texlilo rwnforang 

element is impregnated vrith the plastjc solution and then firozer> arrd freeze dried- 
20 to. Modification of Che process according to dams B to 8, characterized In that cry^talUfie organic 

compounds, salts of organic acids or inorganic salts are added to the solvents and after freeze drying are 

extracted from the Implant with a suitable inert solvent. 
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